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Abstract
The presented system for integral management of regional public transport is based on a Geoinformation System (GIS) and includes 
tools for data management and display. The tools operate on a dataset that contains all the data necessary for management of public 
transport on rail and road. The data structure is entity-based and is methodically defined and published as a reference. All the user 
editable data is managed on GIS base layers (maps, orthophotographs) and publicly available GIS overlays (road, rail and waterway 
network, and auxiliary layers such as topography and buildings). The specific public transport data includes geographical data 
about station points, obtained from field measurements, user defined data about public transport itinerary segments between station 
points, and user editable data about public transport itineraries. Once the set of itineraries is defined, the system provides its users 
to create individual journeys on these. The journeys are the base for collecting the economic data, usable for the transport operators 
in preparing tender applications and for the managing authorities in preparing concession calls. The system incorporates all the 
support tools, which include a station point cataloguing form, a map editor with line section and station point management tools, 
itinerary creation tools with connection search abilities, and interface to GPS receivers for field work. Due to its modular structure, 
the system is expandable with additional data and functionality according to user needs. One such possible expansion is an interface 
for data collection from in-vehicle terminals. Currently, the system is targeted to regional public transport in Slovenia, but can be 
adapted to other regions.
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1. Introduction
An efficient system for management of public passenger transport (PPT) requires that the management authority 
can at any time access and analyse the data required to make decisions. This can only be accomplished if all the 
required data is stored centrally in electronic form. To provide efficient decision making it is also essential that the 
data, which is bound to geographical location, can be visualised and edited on a map.
As of writing this paper the integration of PPT in Slovenia is in process, reaching the final stages. The proposed 
PPT model is intermodal and includes rail and bus transport at the national level, urban transport in some regions, and 
auxiliary transport means such as cableways and transport to local points of interest. In the recent past there has been 
a lively development of PPT management solutions in Slovenia (Tibaut et al., 2012, Gregorc et al. 2012) and abroad 
(a literature review by Ibarra-Rojas et al., 2015). Some of those solutions have proven useful and are in use by the 
authorities at the national or regional level, or by individual PPT operators. On the other hand, the PPT operators have 
developed their own systems for PPT management at the level of their companies or consortia. These systems usually 
include everything from fleet management tools and real time vehicle tracking to journey planning applications for 
end users, but are largely incompatible among themselves and limited to local or regional geographic areas.
The aim of the work presented in this paper was to develop a system that would complement all those solutions by 
utilising and unifying the existing data and by adding the functionalities that would ultimately enable the newly 
established PPT Management authority to prepare PPT concession tenders and analyse the economic effects with 
minimal required human intervention (Korinšek et al. 2011, Blaž et al., 2008).
The way that leads to such a system consists of several tasks that have to be completed before releasing the system 
to the users. The most essential of those tasks include the following steps:
x Review of historic data and practices,
x Acquisition of historic data and their conversion into suitable format for server storage,
x Review of the required data and formats,
x Acquisition of the required data from their providers and conversion into suitable formats,
x Creation of database and facilities for data storage,
x Development of a client application for data access and management,
x Testing, deployment and user training.
The development process is a recursive one and is described in the following sections of this paper. The end result 
is a system that is used on the national public transport management level and complements other tools used by the 
Transport Directorate and by PPT operators (Tibaut et al., 2012).
2. Methodology
2.1. Entity definitions
In order to be able to manage the routes of the PPT vehicles, the infrastructure used in the PPT management model 
must consist of the following entities:
x Station points are the physical locations on the public road network where vehicles operating in PPT stop in 
order to accept or discharge passengers.
x Stations represent the areas on the public road network that contain one or more station points. Examples of 
these are bus termini (with a single station point), pairs of bus stops with the same name across the street (two 
station points) or larger passenger terminals with several bus- and train station points.
x Road sections are segments of public road between landmarks (mostly intersections or administrative 
boundaries).
By using these entities the routes of the PPT vehicles can be constructed by defining and combining the following 
entities:
x Itinerary segments are unidirectional parts of the road sections, each between two station points.
x Itineraries are sequences of adjacent itinerary segments representing possible routes on which PPT vehicles 
operate.
x PPT lines are similar variations of itineraries with different sets of intermediate station points.
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x Journeys are single time-defined runs of a PPT vehicle on a distinct itinerary.
Fig. 1 shows an example of the described entities on a minimum definition set.
Fig. 1. Entities in the PPT network.
2.2. Data structure and formats
All the infrastructure entities are represented in the system with their geographical properties stored in a GIS 
database. The station points and stations are represented as shapes of point data, the road segments, the itinerary
segments and the itineraries are represented as shapes of line data. Fig. 2 shows a simplified scheme of the data in the 
database and the relations between them as a diagram.
Fig. 2. Simplified presentation of database diagram.
The database is physically stored on a server that provides access to the client applications of different types and 
roles, based on access permissions. Fig. 3 shows the client-server system diagram.
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Fig. 3. Client-server system diagram.
2.3. Data sources and data acquisition
Most of the required infrastructure geographical data is sourced from publicly available data sources.
The sources for the road network data are the Slovenian road agency (for state-managed roads) and the Surveying 
and Mapping Authority of the Republic of Slovenia (for municipal roads). The road data is acquired directly from the 
owners in form of shape files and entered into the database. The updates are provided periodically by the data managers 
and are entered into the database manually.
The railway data is provided by the Public agency of Slovenia for railway transport.
The station point data is partly sourced from the data provided by the Transport Directorate. These data mostly 
contains only the geographical locations of station points and some data about their status. Most of the traffic-safety-
and infrastructure-related data is usually missing from the historic documents. This is why the station points had to be 
catalogued by employing the field-surveying teams (more on how this is done is explained in section 3.5).
Apart from the infrastructure data the GIS system also includes the auxiliary data that helps with management and 
display of the essential data. This includes shapes containing topographical boundaries (municipalities, settlements), 
waterways, and building outlines. These are also stored in the database as shapes.
All the data in shape format are organised in overlays that can individually be displayed or hidden on the map. The 
database also includes the base layers upon which the overlays can be displayed. The base layers are stored as bitmap 
tiles and include topographical maps in different scales and orthophotographic images of various resolutions.
The data that doesn't directly contain geographical location includes data about PPT service providers and some of 
the economic data. It is sourced directly from the providers and is stored in separate database tables.
The entire GIS dataset covering the geographical area of Slovenia occupies approximately 15 GB of storage space, 
of which shapes take 1 GB and the bitmap tiles of the base layers the rest.
3. Client software application
The client software application provides the users with all the functionality to accomplish the tasks of display and 
management of PPT data, and use them to prepare analyses and reports. The application is developed in Microsoft 
Visual Studio using C# and runs on Microsoft Windows workstations (desktop or laptop computers) with relatively 
modest system requirements.
3.1. Modular structure
The client application for data management is built modularly. This provides the required flexibility when it comes 
to adding functionality and adapting the application for specific use. The individual modules provide specific 
functionality routines as the back-end and the user interface as the front-end. The modules are available to the user 
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from the application main window according to the required task. Several modules can be opened and active 
simultaneously and mutually exchange the data. Fig. 4 presents the modular application concept with possible data 
flow paths. In normal operation the user usually has at least two opened modules (e.g. Map and Itinerary creation 
module).
Fig. 4. Client application modular structure and data flow between modules.
3.2. Map module
The Map module is the main module, which provides the geoinformation view for presenting and manipulating all 
the geographically related data. The user has the option to customise the map display by selecting a suitable base layer 
and enabling the required overlays. This is done on the side bar on the left by toggling the corresponding control fields. 
The top toolbar provides controls for setting the map zoom level using a slider or entering a numerical value. Fig. 5
shows a typical map display in a window open within the client application.
Fig. 5. Typical map display with open context-sensitive menu in the application main window.
By clicking anywhere on the map the user can get the information about whatever entities are under the clicked 
map location. These are provided by a context sensitive info popup box with menu (an example shown in Fig. 5). The 
map module also provides functionality for adding and editing map entities, which enables the user to create new road 
sections and create or move existing station points.
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3.3. Queries module
In order to simplify the station point identification as much as possible, the application provides the user with 
means of searching via the Queries module. The module supports searching through the GIS database for various data 
such as individual station points or stations, itinerary segments, itineraries, topographical entities (municipalities, 
settlements, etc.), and road sections. The search can be filtered by various criteria and the results can be passed to the 
Map module and other modules for display and editing.
3.4. Itinerary creation module
Itineraries are created between pairs of station points that represent their terminal points. Whenever these points 
are located further apart on a denser road network, the manual creation of itineraries becomes increasingly more 
difficult. The Itinerary creation module thus helps the user to automatically find the possible itineraries between two 
station points based on selected criteria such as station point properties and branching depth. The possible itineraries 
are listed and displayed on the map as sequences of adjacent station points interconnected via itinerary segments and 
can be edited or amended by the user. One or more PPT lines are then assigned to each of the created itineraries.
3.5. Station point cataloguing form
One of the principal requirements for successful management of PPT is an accurate and up-to-date catalogue of 
active station points. Before starting the work on integral PPT management such a catalogue was largely unavailable 
in Slovenia, which induced the development of a module with a station point cataloguing form (Fig. 6).
Fig. 6. Station point cataloguing form.
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module within the client application directly, or can be transferred from the portable terminals used by the field 
cataloguing teams. The data consists of station point administrative data, roadway and construction parameters, station 
point equipment, required safety measures, and a set of photographs taken at the location (entered and described in 
the bottom right part of the form). Once complete and stored in the database, the station point data is queryable and 
can be used for itinerary creation as well as for analysis and management of station point maintenance.
3.6. Data import and translation module
Whenever it comes to importing the data from foreign sources into the database it is essential that the human 
involvement in the procedure is kept at its minimum. The module for data import and translation therefore contains 
the routines for importing data from files in various formats and internally convert them to the format suitable for 
database storage. The files that are most often imported are the recorded PPT vehicle routes in KML format, provided 
by the PPT operators, and timetable forms in XML format. The module implementation facilitates adding new import 
and translation routines and XML schemas based on the user requirements.
3.7. GPS module
The GPS module provides the interface for GPS device connectivity. It can receive the location, heading and speed 
data from any NMEA 18x or NMEA 2000 compatible receiver connected to the workstation. The GPS module can 
log the GPS data and store them in a file, and simultaneously send them to the Map module for on-line display. The 
GPS module is mainly applied for tracking the missing roads and their entry into the database, and for acquisition of 
exact locations of station points and other map features, but can also be used for on-line display of GPS data and 
navigation when the system is used in a vehicle. Fig. 7 shows a typical application of the GPS module for tracking a 
road with a real-time display of the receiver location (green square) and track (orange line) on the map and with open 
GPS monitor window where diagnostic data about GPS location is available.
Fig. 7. GPS module with real time tracking.
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3.8. Economics module
All the concession report data provided by PPT operators can be stored in the system for further analyses. This 
module allows the user to sip through all the various economic data and apply various dynamic filters. The user can 
thus get an in-depth view of line profitability, number of transferred passengers and vehicle usage efficiency. The data 
is presented in table form and can be exported to standard format files for use in third-party spreadsheet and analysis 
tools.
4. Workflow examples
4.1. Getting entity information
Getting the information about the entities on the map is one of the most often performed basic tasks in the client 
application. Because of this, the user interface is designed for quick access to all the data on a specific map location 
in form of a context-sensitive right click menu. The menu entries displayed are based on the currently active overlays. 
Fig. 8 shows examples of menu layouts in different contexts and available data.
Fig. 8. Context menus with entity information and related tasks (left: when clicked on an empty area, middle: when clicked on a station point, 
right: station point economic data).
4.2. Entity creation and editing on the map
At any time while using the map, the user can create or edit any entity by opening a context-sensitive right click 
menu and choosing one of the data options. Some of the options are available only if the menu is opened on a specific 
type of entity (e.g. itinerary segments creation or editing can only be initialized by opening the menu on one of the 
station points). This action opens up specific data forms with geodata prefilled (example of a road segment creation 
shown in Fig. 9), requesting the user to enter other relevant data (names, types, comments, etc.). After confirming the 
content is pushed to the server in online mode or ready to await synchronization in offline mode.
4.3. Queries
Locating entities or searching for other infrastructure or traffic data can be easily accomplished via the Queries 
module. The user can perform a broad or a very detailed search on all the data in the database. Search hits can be 
displayed via the Map module or used in other modules as required by the user. To search for a station point, the user 
can type in the name or just a part of it, or by typing a variety of attributes (e.g. type, municipality, various physical 
attributes, etc.). The results are returned in a table form. The user can then choose which data to display, centre the 
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map on specific data or send the data to other modules. The search for other data is very similar (e.g. to search for a 
radius of a certain road at a certain point, the user enters the road ID or name or other attribute and specifies the 
kilometre or kilometre range).
Fig. 9. Construction of a missing road on the orthophoto base layer.
4.4. Itinerary creation
Stacking adjacent itinerary segments into an itinerary can be achieved in two ways, manual and automatic, or in 
a combination of both. The user starts itinerary creation in the Itinerary creation module and then sends the station 
points or PTT line segment data from the Map or Queries module. For manual creation the user selects appropriate 
station points one by one, while in automatic mode the user selects the first and the last station point and the module 
provides a list of interconnection possibilities for the user to choose from (Fig. 10). The modes can be mixed and the 
user can choose some parts of the itinerary manually while other parts of the itinerary are chosen from the automatic 
list. If there is a data discontinuity, the user is warned and a list of possible solutions is provided.
Fig. 10. Automatic search of possible connections between two station points.
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4.5. Station point cataloguing and field data acquisition
In cataloguing station points the user enters the station point data into the Station Point Cataloguing Form module. 
The process can either be done from the office using the station point data from various sources (municipal archives, 
bus driver statements, etc.) and the orthophoto base layer in the map module as orientation, or in the field by using 
a mobile workstation. Each of the procedures has its own specifics and thus requires a specific cataloguing form. The 
version for office work provides entry fields for text descriptions of the station point features and gets its geographical 
location from the click on the map. The version for field work also provides entry fields for uploading station point 
photographs and gets the geographical location from GPS reading. The difference is also in data synchronization; in 
office work the station point data is immediately submitted into the database, in field work there is a possibility of 
saving the acquired data on the mobile workstation locally and perform an offline synchronization with the database 
upon establishing a suitable data connection.
4.6. Data import and translation
The data from other systems and sources can be imported, translated and included in the system. The previous 
system in Slovenia was based on different methodology using only stations (instead of station points) and itinerary 
segments did not have to be between adjacent points. There is a subsection of Itinerary creation module that allows 
these data to be translated to station points and locates missing station points along the path. The system can also be 
provided with a positional data track in KML format to ease the process of actual journey trajectory data acquisition.
5. Conclusions and future work
The presented system for integral public passenger transport management provides a flexible application 
framework for a medium-sized regional public transport authority. It does so by integrating all the available relevant 
data in a central database and providing access to it through a client application. The dataset currently contains the 
public transport infrastructure data (road and rail networks, station points), public transport service-related data 
(itinerary segments, itineraries, PPT lines, journeys, economics data), and auxiliary data (lists of service providers, 
transport mode and transport type definitions, etc.).
The modularly built client application allows the users to review and edit the data directly in the database. The 
database structure provides for expandability by adding any new relevant data when it becomes available. The client 
application is also expandable due to its modular structure which enables flexible adaptation of existing modules as 
well as adding new functionality. The new dataset that is about to be included in the database is the real-time passenger 
data acquired from registration terminals in vehicles operating in public passenger transport. As there are several 
systems of electronic ticket registration in use in Slovenia, suitable data conversion tools will have to be developed in 
order to acquire and store the data.
This dataset together with the existing economic data will be the base for more in-depth economic analyses, which 
may enable further optimisation of various aspects of public passenger transport. The Economics module will be 
upgraded with functions to apply calculations on the new dataset and export the results in a suitable format.
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